The main purpose of this paper is to give the forms of transcendental meromorphic solutions of nonlinear differential equation of the form
Introduction and main results
Let f (z) be a meromorphic function in the complex plane C. We assume that the reader is familiar with the value distribution theory of meromorphic function (see [, ] ) and its associated standard notations, such as T(r, f ), m(r, f ), N(r, f ) etc.
It is interesting and difficult to find the transcendental meromorphic solution of nonlinear algebraic differential equations. In the last ten years, people have shown great interest in the equation of the following form:
where Q d (z, f ) denotes a polynomial in f and its derivatives with a total degree d ≤ n -, with small functions of f as the coefficients, p  (z), p  (z) are rational functions and α  (z), α  (z) are polynomials. 
admits a meromorphic solution f with finitely many poles, then f has the following form:
where s(z) is a rational function with s n ((n + )s + v s) = (n + )u.
It is difficult to give the form of meromorphic solutions of the following differential equations:
where 
admits a transcendental meromorphic solution f , then
and f (z) has the following form:
where q(z) is a rational function with q n ((n + )q + qα
From the theorem, we can easily obtain the following result. 
Corollary
where q(z) is a rational function with q n ((n + )q + qα  ) = (n + )(p  + p  ).
Remark  If R(z) replaced by R(z, f ) in the theorem, where R(z, f ) is a differential polynomial in f with rational function as its coefficients, then the conclusion is not true generally. For example, f (z) = e z + e -z satisfying the following differential equation:
however, Remark  If n =  in the theorem, then the conclusion is not true. For example, f (z) = e z + e -z satisfies the following differential equation:
Obviously, we have
but the equation still admits a transcendental meromorphic solution which is not of the form q(z)e P(z) , where q(z) is a rational function and P(z)
is a nonconstant polynomial.
In this paper, we define the degree of a rational function
Some lemmas
holds only when 
then f is of finite order.
Proof Obviously, any meromorphic function satisfying equation () must be transcendental. Denote k = max{deg α  , deg α  }, by using the Clunie reasoning obtained by Yang and
Since every pole of f must come from the
Rewriting equation () as follows:
we can obtain T(r, f ) = O(r k ) + S(r, f ). Therefore, f is of finite order.
Proof of the theorem
Let f be a transcendental meromorphic solution of the equation (). By Lemma , we know that the order of f is finite. Since every pole of f must come from the pole of R(z), p  (z) or p  (z), we know that f has at most finitely many poles.
Next we prove that all meromorphic solutions of equation () must be of the form f (z) = q(z)e P(z) , where q(z) is a rational function and P(z) is a polynomial.
From equation (), we have
By eliminating e α  (z) from equations () and (), we have
where
Next, we discuss two cases.
Suppose that f (z) has infinitely many zeros, then we know from () that the multiplicity of each zero of f (z) is not less than , possibly except finite many zeros of f (z). Let z  be a zero of f with multiplicity k, which is not a zero or pole of 
, this is impossible. This contradiction lead to that f has at most finitely many zeros. Thus, f (z) = q(z)e P(z) , where q(z) is a rational function and P(z) is a polynomial.
Rewriting equation () as follows: 
this is a contradiction. If a(z) ≡ , then from (), we know that f is a rational function. This is impossible.
Next we consider that A(z) ≡ . In order to the convenience of calculation, we denote
Thus equation () becomes
is a rational functions. Differentiating both sides of (), we have
By eliminating e α  (z) from equations () and (), we obtain
are rational functions.
From equation (), we have
It follows from the Clunie lemma that Q(z) is a rational function. First we assume that Q(z) ≡ . Suppose that f (z) has infinitely many zeros, then we know from () that the multiplicity of each zero of f (z) is not less than , possibly except finite many zeros of f (z). Let z  be a zero of f with multiplicity k, which is not a zero or pole of
some small neighborhood of z  . By calculating the coefficient of the lowest power of z -z  in the left of equation (), we have
this is impossible since n ≥  and k ≥ . This contradiction lead to that f has at most finitely many zeros. Thus, f (z) = q(z)e P(z) , where q(z) is a rational function and P(z) is a polynomial.
Next we assume that Q(z) ≡ . By differentiating (), we have
It follows from equations () and () that
If f (z) has infinitely many zeros and z  is a zero of f (z) which is not a zero or pole of the coefficients in () and (), then by () we know that a zero z  of f (z) is simple, and it follows from () that z  is a zero of n
Then b(z) has only finitely many poles and it follows from the lemma of the logarithmic derivative that m(r, b(z)) = O(log r).
Noticing that
thus we have
By solving the above equation, we obtain
where m(z) = (
n is a rational function.
From equation () and the fact b(z) ≡ , we have
By calculating and substituting f , f , f , f () into the above equation, we can obtain
Next we show that s(z) ≡  and t(z) ≡ . Suppose that the assertion is not correct. Obviously, If s(z) ≡ , then from (), we must have t(z) ≡ . By s(z) ≡ , we have
Similarly, by t(z) ≡ , we can get
From () and (), we see that the highest degree terms may appear in
Namely,
and is a rational function, P(z) = α  +α  n is a nonconstant polynomial. Next we assume that b(z) ≡ . From () and (), we get
and
(α  + α  ), then by calculating and substituting f , f , f () into (), we can get
